Background--The purpose of this study was to investigate the association between weekday of surgery and survival following cardiac surgery.
S
tudies have suggested that weekday of surgery influences survival after major surgery such that patients who undergoe surgery late in the week have worse survival compared with those who had surgery early in the week. [1] [2] [3] It has been speculated that this association is driven by poorer quality of care and intensity of specialist staffing during the weekend. 1, [3] [4] [5] Others have suggested surgeon fatigue with subsequent impaired surgical precision later in the week as a possible explanation in particularly demanding procedures such as esophageal cancer surgery. 2 Therefore, we hypothesized that patients who were operated on later in the work week had worse survival compared with those who were operated on early in the week. Although most reports showed higher short-term mortality in patients who underwent surgery late compared with early in the week, 1, 3, 6, 7 results were conflicting. 8, 9 Notably, previous studies investigated only short-term mortality in patients who underwent different types of operations. Very few studies have examined the impact of weekday of surgery on long-term mortality. 2, 9 One study found no association between day of the work week and in-hospital death or major short-term morbidity in patients who underwent elective isolated coronary artery bypass graft surgery. 10 No previous study known to us has examined possible weekday-related variation in long-term outcomes in cardiac surgery patients. Therefore, we included all adults who underwent cardiac surgery in Sweden during a 15-year period in a nationwide population-based cohort study to investigate whether outcomes after cardiac surgery are associated with weekday of surgery.
Methods
This was a nationwide population-based observational cohort study that was approved by the regional Human Research Ethics Committee, Stockholm, Sweden (Approval number: 2016/1241-32), and the need for informed consent was waived by the committee.
Study Population and Data Sources
We identified all patients who underwent cardiac surgery in Sweden from the SWEDEHEART (Swedish Web-system for Enhancement and Development of Evidence-based care in Heart disease Evaluated According to Recommended Therapies) register. 11, 12 Using unique personal identity numbers, which are assigned to all residents of Sweden, 13 the data from SWEDEHEART were linked with data from other national healthcare registers as previously described. 14, 15 Classification of Diseases codes used for extraction of medical history and coexisting diagnoses are listed in Table S1 .
Weekday and Public Holidays
Patients were assigned to a weekday category corresponding to the date of surgery. In Sweden, %17 days per year are established public holidays that are practically equivalent to Sundays. Some public holidays always occur on a Sunday (eg, Easter Sunday), and others (eg, New Year's Day) can occur on any day of the week, depending on the year. For the purpose of this study, we categorized all operations that were performed on a public holiday as a surgery performed on a Sunday. With very few exceptions, only nonelective surgery is performed during weekends (from Friday afternoon to Monday morning).
Outcome Measure
The main outcome measure was time to death from any cause. The Cause of Death Register was used to obtain dates of death.
Statistical Analyses
We categorized patients into groups according to weekday of surgery, with surgery performed on Saturday/Sunday combined with surgery performed on public holidays. Baseline characteristics were described with frequencies and percentages for categorical variables and means and standard deviations for continuous variables. Person-time in days was counted from the date of surgery until the date of death or end of follow-up (March 24, 2014). We reported crude incidence rates and 95% CI, and the Kaplan-Meier method was used to calculate cumulative survival. We used Cox proportional hazards regression with and without multivariable adjustment to estimate hazard ratios (HR) and 95% CI for the association between weekday categories and survival with varying follow-up times using patients having surgery on a Monday as the reference category. All Cox regression models were stratified by calendar year of surgery and hospital. Patient age was modeled using restricted cubic splines, and all other variables were included as categorical terms. We reported the restricted mean survival time 18 by weekday at 1 and 3 years as absolute measures of survival time, and calculated the difference in restricted mean survival time with 95% CI. The difference in restricted mean survival time is a model-free measure that is useful in order to quantify the contrast between 2 survival curves, and can from a clinical perspective be interpreted as loss of life expectancy.
Clinical Perspective
What Is New?
• Prior studies have suggested that weekday of surgery influences survival after major surgery, but whether this "weekday" effect is relevant in cardiac surgery is mostly unknown.
• We found no evidence of a clinically relevant weekday effect in patients who underwent cardiac surgery in Sweden, and our findings suggest that the early risk and long-term prognosis following cardiac surgery were not affected by the weekday of surgery.
What Are the Clinical Implications?
• Cardiac surgery can safely be performed on any day of the week without an increase in the risk of short-or long-term mortality. 19 The imputation models included all variables in Table 1 , year of surgery, hospital, and also the event indicator and the Nelson-Aalen estimator of the cumulative baseline hazard. 20 Ten data sets were imputed and estimates from these data sets were combined according to Rubin's rules. We also repeated the analyses using a missing value indicator category, and finally we performed a complete case analysis. Data management and statistical analyses were performed using Stata 14.2 (Stata Corp, College Station, TX) and R version 3.3.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results

Study Population and Patient Characteristics
Patient characteristics according to weekday category are presented in Table 1 . The number of patients operated on each day of the week is shown in Figure 1 . A total of 106 473 patients with a mean age of 67 years were included. Of these, 27% were women. The majority (87%) of patients underwent surgery during Monday to Thursday. Patients were categorized according to weekday of surgery: 25 221 (24%), 24 471 (23%), 22 977 (22%), 20 189 (19%), 9251 (8.7%), and 4364 (4.1%) underwent surgery during a Monday, Tuesday, Wednesday, Thursday, Friday, and a Saturday/Sunday, respectively. Patient characteristics were similar across groups with the exception that in relative terms, semi-urgent (waiting time 10 days or less) and emergent surgery were more common during Friday-Sunday (Figure 1 ).
Follow-Up and Mortality
During a median follow-up time of 6.8 years, a total of 29 806 (28%) patients died: 27%, 28%, 28%, 28%, 28%, and 32% of patients who were operated during a Monday, Tuesday, Wednesday, Thursday, Friday, and Saturday/Sunday, respectively. The incidence rate, and crude and adjusted relative risks for all-cause mortality are shown in Table 2 . The crude HR increased toward the end of the week, although this effect was attenuated with increasing length of follow-up ( Figure 2 ). After multivariable adjustment, only operations carried out on Saturday/Sunday were significantly associated with early mortality (follow-up until 30 days); HR (95% CI) 1.53 (1.32-1.77). For patients who had surgery on Fridays, there was a significantly increased risk of death; adjusted HR (95% CI): 1.17 (1.01-1.37), after 1 year of follow-up conditional on 30-day survival, but this was attenuated after restricting the analytical sample to elective patients operated on during Monday to Friday; adjusted HR (95% CI): 1.08 (0.80-1.46). There was no association between weekday of surgery and mortality after multivariable adjustment in patients followed beyond 1 year and until 15 years ( Figure 2 ).
The adjusted 1-year cumulative mortality (95% CI) was 1.8 (1.7-2.0), 1.9 (1.7-2.1), 1.9 (1.7-2.1), 1.9 (1.7-2.0), 1.9 (1.7-2.1), and 1.9 (1.7-2.2) in patients who were operated on during a Monday, Tuesday, Wednesday, Thursday, Friday, and Saturday/Sunday, respectively (Figure 3 ).
Patient characteristics were very similar across weekdays, but emergent surgery was more common during FridaySunday (Table 1 and Figure 1 ). The reduction in HR observed in the adjusted compared with the crude analyses was mainly driven by urgency status, and the addition of a wealth of other clinical parameters to the regression model had only a negligible effect on the point estimates. A similar pattern was seen in the restricted mean survival time analyses, where we found no significant differences in the restricted mean survival time between weekdays among patients who underwent elective surgery (Table 3) . The difference in survival time ranged from À1.2 days to 0.02 days at 1 year, and À4.7 days to À3.2 days at 3 years, and was not statistically significant at any point. 
Sensitivity Analyses
We repeated the analyses restricted to patients operated on between 2005 and 2013 to evaluate possible secular trends (Table S2) . We also repeated the analyses restricted to patients who underwent elective isolated coronary artery bypass graft to investigate the association between weekday of surgery and survival in a low-risk subset of patients who underwent a single procedure (Table S3 ). In addition to the main analyses in the imputed data sets, we carried out a complete case analysis (n=61 425) (Table S4) . We also applied an alternative missing data strategy in which we assigned missing values an indicator category. All sensitivity analyses gave results that were similar to the main analyses.
Discussion
In this nationwide cohort study, we found no evidence of a clinically important weekday or weekend effect in patents who underwent cardiac surgery in Sweden during a 15-year period.
Patients operated on during weekends had increased crude postoperative mortality compared with patients undergoing surgery during weekdays, but this risk increase did not persist when we accounted for the urgency of the procedure.
Importantly, addition of other clinical parameters did not affect estimates, indicating that residual confounding should be unlikely and that results are likely to be robust. The difference in loss of life expectancy at 3 years in patients who underwent elective surgery during any weekday compared with Monday was negligible. Most previous research regarding weekday admission and mortality has focused on acute admissions and the results were contradictory; some studies linked weekend admissions to higher mortality, 21, 22 and some did not. 23 Very few studies have investigated the possible weekday effect of surgical procedures on adverse outcomes. 1-3 A study of major nonemergent, noncardiac surgery using the Veterans Affairs' database found that 30-day mortality was increased in patients admitted to non-intensive care unit wards after undergoing surgery on Fridays compared with earlier weekdays, 1 although the observed risk was significantly reduced after adjusting for known patient characteristics. Another study that focused on elective surgical procedures in English hospitals found a higher risk of death for patients who underwent surgical procedures during weekends compared with Mondays. 3 However, this study was based on hospital administrative data without detailed information regarding individual patient characteristics. A recent Swedish population-based cohort study Figure 2 . Risk of mortality according to weekday. The crude and multivariable adjusted hazard ratios and 95% CIs for all-cause mortality following cardiac surgery in Sweden during 1999 to 2013 according to weekday of surgery. Monday was used as the reference category and all variables reported in Table 1 were included in the multivariable adjusted model. For presentational purposes, the hazard ratios and 95% CIs for Saturday/Sunday were omitted from the Figure but are shown in Table 2 .
included 1748 patients who underwent elective esophagectomy for esophageal cancer, and investigated whether weekday of surgery influenced long-term all-cause and disease-specific mortality. 2 That study was strengthened by the nationwide design, large study population, complete follow-up, and the detailed adjustment for prognostic factors. The authors found better all-cause and diseasespecific 5-year survival in patients who had surgery on Monday or Tuesday compared with those who underwent surgery during Wednesday, Thursday, or Friday. 2 The authors discussed a possible mechanism that might explain their results in this particular setting; surgery for esophageal cancer is a demanding procedure (mean operating time 6.5 hours) and the alertness and surgical precision of the surgeon, and the surgical team, may be impaired later in the week. 2 The reports showing higher mortality in patients admitted or operated on during weekends have discussed 2 potential explanations. First, it has been speculated that this association was mediated through poorer quality of care during the weekend, possibly because of reduced or less experienced weekend staffing. 1, 3 Second, it seems clear that patients undergoing surgery or having acute admissions during weekends were more severely ill compared with patients admitted during weekdays. 4 Thus, it is important that studies investigating a possible weekday or weekend effect are designed to be able to account for patient risk profile. This was recently illustrated in the setting of stroke care. One study reported lower rates of treatments and worse outcomes in patients admitted for stroke during weekends compared with weekdays. 24 However, another study using a specialist clinical database that provided the possibility to adjust for the stroke severity on admission showed no difference in 30-day mortality related to day of admission. 25 The majority of studies in relation to surgical procedures or acute admissions investigating this topic have been conducted using hospital administrative data without detailed information about patient comorbidity or operative risk. [3] [4] [5] 24 Therefore, our study extends the findings from previous research because the role of risk factor profile, urgency, and type of procedure could be accounted for in detail through access to SWEDEHEART and other national Swedish healthdata registers. In Sweden, all patients benefit from universal tax-financed health care, irrespective of employment status and individual financial situation. 15 Insurance status or availability did not influence the indication for surgery. During the study period, cardiac surgery was performed with very similar and stable results in 8 hospitals in Sweden. 26 The staffing levels, working hours, access to diagnostics, and physiotherapy were similar between centers. In the present study, the significant association between weekday of surgery and mortality found in the unadjusted analyses was largely explained and eliminated by accounting for the urgency of the procedure. The patient characteristics were very similar across weekdays with the exception that urgent surgery was more common during Friday and during the weekend. Moreover, the loss of life expectancy analyses supported the finding of a trivial difference between weekdays after restricting the analyses to patients who underwent elective surgery. Our results were in line with a previous letter to the editor reporting that weekday of surgery was not associated with early mortality following cardiac surgery in England and Wales after risk factor adjustment. 27 Interestingly, in the study by Aylin et al, early mortality in the subset of patients who underwent coronary artery bypass graft was not affected by weekday of surgery. 3 
Study Strengths and Limitations
The strengths of our study included the large study population and the complete and accurate follow-up and survival ascertainment because of the high-quality national Swedish registries, as well as the external validity and generalizability of our findings because of the nationwide complete coverage. Furthermore, we had detailed information regarding patient characteristics, including socioeconomic data, which allowed multivariable adjustment to address confounding. However, there are some important limitations of the study. First, we only had information regarding which weekday a patient underwent surgery, and not the exact time of day. Therefore, we were unable to investigate the association between time of day and outcomes, and also this fact entails a risk for misclassification of exposure because patients assigned to a specific weekday were in fact operated on during the night between 2 weekdays. Second, although we adjusted for a considerable number of established risk factors and risk markers, the possibility remains that residual confounding could have influenced the results. Because this nationwide study was conducted within the Swedish healthcare system, it is unclear whether our findings are valid in other countries where the provision and organization of cardiac surgery may be different.
Conclusions
We found no evidence for a clinically relevant association between weekday of surgery and early or long-term mortality after cardiac surgery. Patients operated on during weekends had increased crude postoperative mortality, but this risk increase was attenuated after accounting for the urgency of the procedure. The difference in loss of life expectancy at
